
Reproduced by

1X~WŽ\ BIRT B nDUCUVUETSutOHM2 -:,: :.- R- •-n rr_ . ln
] •.... .L E II VýRIC,"T-PATTFRSON AIR• FORCE BASE-DAYTON.OHIO

STI I

FROM ANY LIGAIION WHICH MAY ENSUE FROM ANY

INFRINGEMENT ON DOMESTIC OR FOREIGN PATENT RIGHTS

WHICH MAY BE INVOLVED.

UNCLASSl!FIFD!



A Method ol errniMrti t1Lrr1i ; of Ta in

Iaylor, Limv-o 'X., N,,ý_e Basin, rNajhingtuv, "D. C, 71"

(Eanme)

April'5O UZICIaSS. U, 3. _Pitng I n .' tObies, 4,Pgrs, gi'apb' zae

A rr-Lod for deteraitng tn~e api Ituri m .ecoi :a fur t~~~ submrergtd ',odieg Lý Qach b-e In Lc'm'-

tiia body at ta stated depthi, ;aingi a spacifled cable, the cquestioa of interest Wo th* 4eie~guer ts m~ aimerI
),a wb~ch the t-ension zt the uppqir e3d of the cable, whch : the greatestý terisor! Ln tthe -R~n1, -wfl var* 41tt
thie d~rmetion and mogmftuie of thp fcir appli^_d by the towed L-iv. An eqiUatftr' ts derived which prermits
compt~atinM. af wntirnurr -. ible coW-uaIoswth re~pe(7 to ',imion I n" erie e of t±be cable -wehen the an;1e

~itte othe ea cA 146cbe -- t:ýth oftZ i1~r'ie- Tablr are pri-Eented wbici2. t

Copies obta1_.ib1P from C2ADO.
Water tmanE-Is -Text equpmor

'Wzar - ýor w A i- r _%P (2) Cabl~es;I-4~lestig (9I
14



I..THE DAVID W. TAYLOR MODEL. BASI
WASH!NGTON 7, D.C.

A METHOD OF DETERMINING OPTIMUM

LENGTHS OF TOWING CABLES

by

Leonard Pode

I I~j

Aprif .PQ'() P o. 717
~~N 5.. 86. - 0..,r Z'7I NS 8I33-OK•

I .

Ii:



'!NITfIAL U ISfiUBOTIIIOI

Copies

10 Chief, BuSbr,4ps, Project Records (Code 362),for cdistribution:

5 Prcject Records

I Technical Assistant to Chief of the Bureau (Code 106)

1 Research (Code 330)

Technicta InfozmatLon Disclosure (Code 367) for:

Natio.al Research Establishment, Halifax, Canada,
Attn: Mr. Richard Parr Blake

1 Minesweeping (Code 620)

1 Magnetic Defense (Code 66CM)

2 Commanding Officer and Director, U.S. Navy Electronics Laboratory,

Point Loria, San Diego 52, Calif.

1 Commanding Officer and Director, U.S. Navy Underwater Sound Lab-

oratory, Fort Trumbull, New London, Conns.

I Commander, Taget Sound Naval Shipyard, Bremerton, Wach.

1 Development Contract Officer, Kellex Corporation, Silver Spring

Laboratory, 936 Wayne Ave., Silver Spring, Md.

1 Director, Woods Hole Oceanographic Institution, Woods Hole, Mass.

1 Chief, Bureau of Aeronautics

Attn: Mr. John S. Attinello (Code RS3)
Rm 2W87, Navy Department
Washington, D.C.



1, MEPTTIIOD O' Dnth,,l:.JG Oi-*.. 1:A , U'± '1,8.S O TOWING CABLES

by

Lennn•d Pode

INTIODUCTION

A problem that arises frequontly in coimeetion with the deogn of

tow•1ng arrangements is that of choosing the desIgn varIables so that the size

of equipment and the magnitude of the forces involved are kept to a mininui.

Usually the preliminary choice of the design variables has been merely a guess

and the improvement of the guess has depended upon the results of extensive

exploratory calculations. Tables and charts are presented here which, for the

most frequent design problems, will help to reduce the labor of such calcula-

tions and to enable the designer to determine optimum conditions in a straight-

forward manner.

STATEMENT OF PROBLEM

Suppose that it Is desIrd to tow a body at a stated deptn, y, using

a specified cable. Since the hydrodynamic behavior of the cable may be as-

sumed to be known, the length of cable needed to reach the required depth and

the tension at the upper end of the cable are determined when the direction

and ragnitude of the force that the towed body applies to the lower end of the

cable are known. The question of interest to the designer is the manner in

which the tension at the upper end of the cable, which is the greatest tension

in the cable, will vary with the direction and magnitude of the force applIed

by the towed body.

A force of given magnitude may best be used to attain depth by ori-

entIng it as nearly as possible in the direction of gravity because the com-

ponent of force perpenaicular to the direction of gravity increases the ten-

sion in the cable without contributing to the attainment of tne required depth.

Thec angle, 0oo that the force applied by the towed body makes with the direc-

tion of strea--whtch !_s equal, for equilibrium, to the angle that the cable

makes with the strewn at the poInt where the cable meets the ,ody-1.s there-,

f ore wade aR close to r/2 as possible. If the don.mward force of the body is

develoned bm means of 11fting surfaces, the angle o Is limfted by the lift

drag ratios iwfhich such surfaces can attain; if the downwar.i force Is derived

from the weIght of the body, the angle o is limited by the relationshipo of

the weight of the body to its drag. Since the weight of 'he Oy Is co.s.t...



to obtain a given value of' iuncreRsc- very rapidly wlth speed. Hence the

lImitation on 0, becomes more severe as the speed Increases, The value of "-0

for a body employing, lifting surfaces is not affected appreciably by speed or

by scaling Its dimensions. H[owevcr, the magnltude of the foroce obtained from

such a body varies as the square of the speed and as the 2quarc of the factor

to wht ch its dImensions -.ay be scaled.

Let it. b .acc... that the direction of the force 'ppIed TM ,-1V1.

body ls klown. The question -Is then how should the magnitude of the force be

adjusted. It is clear that; if the magnitude of the force is very small, the

length of cable that is reculred will be exceedingly long so that the hydro-

dynamic force acting along the cable will cause the tension at the upper end

of cable to become very large. On the other hand the length of the cable is

shortest only when the magnitude of the force applied by the towed body grows

exceedingly large and then the tension in cable is also very large. Between

these extreraes there must l~e an optimum.

ANALYS IS

The calculation of this optimuim configuration depends upon the spe-

cific assumptions made regarding the forces acting on the cable. It can be

shown from very general considerations, however, that regardless of these spe-

cific assumptions the solution of the cable configuration can be expressed by

equatlons of the following parametric form.

T = -r [II

.s = _-. [2]
70 rTo no

Ry =.• [3]

o 0

I{,.O 0

where, T is the tensrion at, the upper end oif _.ho cable,
o is the length of the cable,

y As, the ,epib of the body,

x Is the distec of the body aft of the upper end of the cable,



",'- t,. lcS11 u. :in the cab.le at the point w.here the cal)je otsee the0

1)od. ,., ... , the ,iagnituoe of i:•c 2cr-ce (] ):,, ;1 by the towed 1)ody

Ii.- s the drag of a unit lenugth of t-e.,- cable whon the cable is normal'

to the -trea:i,

r, a" ~ and P , are certain functIoions of 0- whMch depend upon the specif-

:c assumpttions that are made regarding the forces acting on the
cable, where

0 Is the angle between the cable and the direction of the motion at

the upper end of the cable, a--

o9r ,o qo and o are the values of these functions for o o See

Figure 1

T

Direction of Motion

Figure 1 -- Cabl.e ConfIguration For e Towed Body

A general exoressl.on for the optimun configuration can be obtainea

through the use of these equat Ions. Since y, R, and ¢o are fixed, Eqquation

[3 - .'ves o as an implicit function of To, or T0 as an explicit function of

•.. :In Ecuation [1 ! -T can therfcore be considered to be a function of either

T' or any function ,,f o - The out iwm configuration Is obtained by midni-"'0 6

u'izug T. . " can be donc mosiot easily from the ,d.iffcrential. fo•-• s of' Lea'

t lens and [3' taken silmultaneos-ly.., wfhich can be wri(uten
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For mninmum T, dT noust vanish. Hence from Equations [Ia], [3a], and (31

Ry -ro rdn
- ' - 17To - (51

or
'In [5a]

Thts equation may be used to determine the value of 0 that obtains
at the optimuwm configuration. From Equation [3] the appropriate value of T

may then be found; thence T, s, and x can be calculated from [1i, (2], and
(LI].

The designer is usually interested in the optimum conditions for

high-speed operation. if the speed of rtowIng 1:i sufficiently high so that the
weight of the cable can be neglected, the functions r, a, P, ard • may be tak-
en as those given in TI4B Report C-122, Appendix I, p. 27, i.e.,

r 1 1 V csc6f; F6
HR

: cot ' (71

I7 )= cot [8]

where F is the drag per unit leugth of the cable when -he cauim -s oaralh-.

to the stream. Equation [5a3 then becomes

, c } ot Q' C S 0 (514.'n cot .. . ".... .... .... :-kX. 1 , cot - .[ b2 #c~ot6 ,°



rh21us "*.- only the case ot" towed bodies has been Considerc s'o that

Lflknf- X!xaava 1Zfýof j - dreg cannikot be real--o inO½tis

case. Th..e..eo are, however, suritc cable conCaguratfIons in whIch the values- of

o greater than ,/2 are possible; i.e. , configurrationFvs where the cable Qor•:Is

a .,op An exanple of such a confgurat•..on Is a cable jolning, two self-

rowered bodies such as two airplanes or two submar'nes. When the speed of tow-

lg is high, so that the effect of weight is n,!liglble ,the plane in which the

c:able lies need not Include th-'.e direction of Lravity•: s thet n I.-Ine strunc b-.
tween two su.rface vessels may also present such a problem (see Figur'e 2). In

such cases, if the angle of the cable at one end may be considered fixed this

end may be referred to as the lower end, the other end of the cable mnay be

called the upper end and the fixed angle can still be designated as 0o" Then

the foregoing analysis still applies and Equation [5b] gives the condition

that thU tension at the upper end of the cab"e is minimal.

it is found that when the angle €o is increased beyond ni2 the ten-

sion at the upper end of the cable will continue to be reduced. Nevertheless

there is a limrtLng condition beyond which riinimlzing the tension at the upper

end of the cable is no longer a reasonable procedure: When further increase

In will cause the tension at the lower end to become greater than that at

T

y

- ..... .. D;rection of Motion

• *o o

igur.e GCable Conftg...ratl.on for Two Pow••rcd Ve..ssels
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e uppe. o. the cb.)] From the synijt'ry O.... tf' • _Ultl,. w.•.10 , ij q

Pb~lt ;,A. . .. j t - this o- eoudition i-i.t.1 OOccur ;'ihcrn the ........ .

the i:wo oeids of the cable are equal. and when the configuration of the cab'o
is completely ,%3mxnetvrc about a line parallel to the direction of' motion0

Solutions of Equation [5b], and pertinent values obtained therefrom
are itsted in Table 1 and are graphically presented in Figure 3.

The cable configurations that are found by solution of Equation 15b]
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140hen the aw;I.e ,-t t e otheoe enid of the 'able and th,1 depth of towimng aro spoci-

f:led. Other, t-ps of optilymum p)roblems may occur. For example it Yýay be de-

stred tUit the drag at the upper end of the cable be a milnimum instead of the

tension; also, insteaa of the angle (6 be:Ing specafied at the lower end of the

cable the drag of the body might be specified or the ),atio of the depth to the

distance aft might be fixed. The tables presented here do not give the solu-

tion to such problems. However in rfany cases these tables may be used to get

a first approximation to a solution for such problems.
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ILLUSTRATIVE EXAMPLE

To provide an illustrative example of an application of the method,

the following problem has been worked out.

It is desired to tow a body 25 feet deep at 50 knots. The body Is

to have a lift-drag ratio of tan 70,. It is required trhat the safety factor

on the breaking strength of the cable be no less than '. What is the wInimum

size cable diameter that may be used, If the strongest wire-stiand cable is

used?

For such cable the follcwing empirical data A;ply: Where d is the

cable diameter in inches and V is the speed in knots.

Cable drag normal to the stream: Rt 0.34 'd pound per foot,

Cable drag parallel to the stream: F z 0.02 R,

Breaking strength of cable: S = 80,000 d 2 pounds.

Since the safety factor must be no less than two, 40,000 d2 -i T;

where T is the greatest tension in the cable. From Table 1b, for f = 0.02

and *0 = 70 we have the optimum value of T = (0.420 Ry}. Hence

d2 > (0.420)(0.34)1900) (25)d

40,000

The cable must therefore be at least o.o8 inch in diameter. ?rom

Table lb it i:P seen that the ptimum length of this cable is (6.102)y or 525

feet. With this length of cable, the tension at the upper end of the cable

will be a minibr.nm and equal to 2560 pounds.
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